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The anatomy of the skin of the Chinese tree shrew is 
very similar to that of human skin 


DEAR EDITOR, 


The Chinese tree shrew (Tupaia belangeri chinensis) is a 
small mammal closely related to primates. It has a small body 
size, low maintenance cost, and a relatively short reproductive 
cycle, all of which has made it the ideal model for the study of 
a variety of human diseases. In this study, we compared the 
anatomy of the skin of the Chinese tree shrew with that of the 
rhesus macaque, mouse and human, with the intention of 
providing the basic data required for the creation of skin 
disease models using this animal. Paraffin sections, 
hematoxylin-eosin (H&E) staining, masson staining and 
immunohistochemical techniques were used to examine the 
dorsal skin structure of the Chinese tree shrew. The epidermis 
was shown to be composed of 1-2 layers of cells. There were 
hair follicles, sebaceous glands and sweat glands in the 
dermis and the subcutaneous tissue, with apocrine glands 
being more common than eccrine glands. Both KeratinS 
(KRT5) and Keratin10 (KRT10) were expressed in the skin of 
the Chinese tree shrew, with a localization in the cytoplasm. 
Overall, the skin morphology and histology of the Chinese tree 
shrew was basically the same as that of the human. We 
propose that the Chinese tree shrew has a strong potential to 
be used for creating animal models to help elucidate the 
molecular mechanisms underlying a variety of skin diseases. 
Animal models have been used extensively with great 
benefit in the study of many human diseases (Yao et al., 
2015). To date, a variety of animals, including fruit fly, 
zebrafish, frog, mouse, rat, rabbit, dog, pig, and rhesus 
macaque, have been used in studies looking at a variety of 
human diseases (Buchholz, 2015; Buffalo et al., 2019; Jiang 
et al., 2011; Xue et al., 2014). Each animal has its own merits 
and disadvantages when considering the wide range of 
human skin disease. For example, rodents are commonly 
used in biomedical researches of skin, such as psoriatic 
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murine model induced by imiquimod (Chuang et al., 2018) and 
inflammatory mouse model of Behcet's disease induced by 
HSV-1 (Islam & Sohn, 2018), but the species disparity 
sometimes makes them difficult to extrapolate (van der Worp 
et al., 2010). Non-human primates (NHP), like rhesus 
macaques, are genetically closer to humans and have 
significant benefits in medical research (Buffalo et al., 2019; 
Zhang et al., 2014). NHP has been used to explore responses 
of Leishmania (Viannia) braziliensis cutaneous infection to N- 
methylglucamine antimoniate (Teva et al., 2005) and as 
SlVmac239-infected model for studying HIV infection (Zhang 
et al., 2019), to name a few. The NHP model has been proved 
to be the best model for biomedical researches. However, 
there are also some disadvantages of using NHP as the 
resources are not easy to obtain and the costs are relatively 
high. Therefore, there is an urgent need to find an appropriate 
animal which is not only genetically close to humans, but is 
also economic, easily obtainable and able to thrive in the 
laboratory. 

The Chinese tree shrew is a small mammal that has a rat- 
sized body size (100-150 g), a low-cost of maintenance, a 
short reproductive cycle, and a moderate life span (6-8 
years), as well as being closely related to primates (Fan et al., 
2019; Xu et al., 2012; Yao, 2017; Zheng et al., 2014). During 
the past five decades, the Chinese tree shrew has been used 
as an animal model in the study of infectious diseases, 
myopia, cancer, metabolic diseases, and brain disorders (Guo 
et al., 2019; Xiao et al., 2017; Yao, 2017; Zheng et al., 2014). 
These Chinese tree shrew studies have increased our 
understanding of the basic biology of life and the molecular 
mechanisms underlying disease (Yao, 2017). 

In this study, we examined the skin structure of the Chinese 
tree shrew and compared it to that of the rhesus macaque, 
mouse and human, to explore the potential for using the 
Chinese tree shrew in dermatological research. Chinese tree 
shrews were purchased from the Kunming Primate Research 
Center (KPRC) of the Chinese Academy of Sciences (CAS), 
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Kunming Institute of Zoology (KIZ), CAS. A total of six animals 
of different ages (1 month, and 1, 3, 4, 4.5 and 6 years old) 
were used. We also obtained the skin tissues of two rhesus 
macaques (age <1 month), which had died from diarrhea, 
from KPRC, KIZ, CAS. Six-week old C57BL/6 mice (n=3) were 
purchased from Shanghai SLAC Laboratory Animal Co., Ltd. 
Dorsal skin samples from these animals were fixed in 4% 
paraformaldehyde for later processing. All experimental 
procedures were performed according to the guidelines 
approved by the Institutional Review Board of KIZ, CAS 
(approved No. 2015-012). 

The dorsal skin samples, previously fixed in 4% 
paraformaldehyde, were paraffin embedded (vertical 
embedded) and 10-um-thick sections were cut from the tissue 
blocks. The tissue sections were treated with either H&E 
staining or masson staining (Masson's Trichrome Stain Kit 
(Solarbio, G1340, China)). For the immunohistochemical 
staining, the prepared 10um_ sections were dewaxed, 
rehydrated, washed with PBS, infiltrated in citrate buffer and 
heated for 30 min for antigen retrieval. After blocking and 
further incubation with primary antibodies at 4 °C overnight, 
the reaction was developed using the Super Vision two-step 
kit (Boster, SV0001, SV0002, USA) which included the 
secondary antibodies followed by DAB (Vector Laboratories, 
PK-4002, USA) staining. Harris hematoxylin (Baso, BA4041, 
China) was used for nuclear staining. Primary antibodies were 
Keratin 5 (D4U8Q) mAb (Cell Signaling Technology, #25807, 
USA) and Cytokeratin 10 (4A27) mAb (Santa Cruze 
Biotechnology, sc-70907, USA), and were used for staining 
KRT5 and KRT10 in skin tissue sections, respectively. 

The skin of the Chinese tree shrew was composed of 
epidermis, dermis and the subcutaneous tissue (Figure 1A). 
As is known to all that human epidermis is composed of 
stratum corneum, stratum granulosum, stratum spinosum and 
stratum basal (Paus & Cotsarelis, 1999; Tobin, 2006). 
However, the epidermis of the Chinese tree shrew only 
consisted of 1-2 layers of keratinocyte cells, which was 
thinner than that of the human, but similar to those of the 
rhesus macaque and the mouse (Figure 1A—D). There were 
basal cells in the skin tissue composition of tree shrews 
because they are required for the replacement of dead cells in 
the epidermis. The dermis of the Chinese tree shrew showed 
multiple fibroblast fibers, together with blood vessels, 
epidermal appendages and inflammatory cells (Figure 1A). 
Collagen fibers, arranged in bundles, were the main fibers in 
the dermis, and showed blue by masson staining (Figure 1A). 
The subcutaneous tissue of the Chinese tree shrew was 
composed of loose connective and adipose tissues, which 
connected dermis and muscles. There were many sweat 
glands in the subcutaneous tissue, of which apocrine glands 
accounted for the highest proportion (Figure 1A). The 
composition of the epidermis, dermis and appendages of the 
rhesus macaque was similar to that of the Chinese tree shrew 
(Figure 1A). 

The appendages of the Chinese tree shrew included hair 
follicles, sebaceous glands and sweat glands. Sweat glands 


and sebaceous glands increased in size and became more 
abundant with age (Figure 1E). The sweat glands were 
significantly distributed around the top of the hair bulbs 
(Figure 1E), just as eccrine sweat glands associated with the 
hair follicle within a defined compartment of dermal white 
adipose tissue in the human (Poblet et al., 2018), to form an 
“adnexal skin unit” along with the pilosebaceous unit. It was 
possible that there was some relationship between each 
component of this superstructure to form a common 
homeostatic tissue environment (Poblet et al., 2018). The 
mature hair follicles in the skin tissue of the Chinese tree 
shrew contained melanocytes. The sebaceous gland of the 
Chinese tree shrew was composed of acini and the short duct 
opening into the hair follicle as well as the epidermis 
(Figure 1E). However, in the human, the duct of the 
sebaceous gland normally opens into the hair follicle and goes 
directly into the epidermis under pathological conditions 
(Zouboulis et al., 2016). Surprisingly, the apocrine glands in 
the dorsal skin of the Chinese tree shrew were more 
prominent, while the eccrine glands were few (Figure 1E). This 
pattern was different to that seen in the rhesus macaque and 
human where eccrine glands are dominant (Best et al., 2019). 
By contrast, in the mouse eccrine glands are only present in 
the paw pad (Chee et al., 2017). The concentration of 
apocrine glands in the dorsal skin of the Chinese tree shrew 
may make it a suitable model animal for the study of apocrine 
gland-related diseases. In mammals, the hair follicle is a 
cyclical organ (Baker & Murray, 2012; Paus & Cotsarelis, 
1999), and this is the same in the Chinese tree shrew 
(Figure 1E). As the thickness of the epidermis changed in the 
hair follicle cycle, it was significantly thicker in the anagen than 
the telogen (Figure 1E, F). The arrector pili muscle in the skin 
of the rhesus macaque was more obvious than that of the 
Chinese tree shrew, while sweat glands were uncommon in 
the rhesus macaque (Figure 1A). The eccrine glands were the 
dominant sweat glands in the rhesus macaque (Figure 1G). In 
the dorsal skin sections taken from the mouse, there were 
almost no sweat glands, and the sebaceous glands were also 
not obvious (Figure 1B). 

Cytokeratin is a characteristic marker of epithelial cells and 
has a great significance in the epidermis and adnexal 
diseases (Moll et al., 1982). We studied the expression of 
KRT5 and KRT10 in the skin of the Chinese tree shrew. KRT5 
dimerizes with keratin 14 forming the intermediate filaments to 
make up the cytoskeleton of basal epithelial cells, and has an 
active role in epidermolysis bullosa simplex, Dowling-Degos 
disease and some other dermatologic diseases (Lane et al., 
1992; Tryon et al., 2019). KRT10 was observed in a group of 
tough, fibrous proteins that form the structural framework of 
keratinocytes and was produced in keratinocytes in the outer 
layer of the skin (Muller et al., 2006). KRT10 is associated with 
epidermolytic hyperkeratosis (Morais et al., 2009; March et al., 
2019). We found that KRT5 and KRT10 were both expressed 
in the skin of the Chinese tree shrew. Specifically, KRT5 was 
expressed in the whole epidermis except for the stratum 
corneum (Figure 1H), while KRT10 was expressed mainly in 
the outer layer of the epidermis (Figure 1H). In terms of the 
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epidermal appendages, KRT5 was expressed in the outer root 
sheath of hair follicles, sebaceous glands (especially in the 
basal cells in the outer layer) and sweat glands (the outer wall 
of the gland expressing more) (Figure 1H). In contrast, KRT10 
was expressed mainly in the follicular epithelium above the 
follicular infundibulum, sebaceous and sweat glands, 
especially in the internal wall of these glands (Figure 1H). The 
expression pattern showed that both KRT5 and KRT10 were 
expressed in the cytoplasm (Figure 1H). The expression 
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patterns of KRT5 and KRT10 in the skin of the Chinese tree 
shrew were similar to those observed in the rhesus macaque 
(Figure 1H) and human (Zhong et al., 2000). 

In conclusion, we showed that the skin histology of the 
Chinese tree shrew was generally like that of human skin. 
There was a consistent composition of epidermal appendages 
and a similar expression pattern of some keratins between the 
Chinese tree shrew and human. The similarity of the skin 
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A: Hematoxylin and eosin (H&E) staining (upper) and masson staining (below) for the dorsal skin of the Chinese tree shrew and rhesus macaque. 
B: H&E staining for the dorsal skin of mouse. C: Cartoon of normal human skin. D: Comparison of the epidermal thickness among the Chinese tree 
shrew, rhesus macaque and mouse. The P-values were based on Student’s t-test. E: H&E staining for the dorsal skin tissues of the Chinese tree 
shrews with different ages. The pilosebaceous unit and the apocrine glands were further demonstrated in the boxed skin tissues of the Chinese tree 
shrews of 4 years old and 4.5 years old, respectively. The hair follicle cycle in the skin tissues of 1-month old and 4 years old tree shrews indicated 
the late-anagen stage. F: Comparison of the epidermal thickness between telogen and anagen stages. ****: P<0.000 1, Student’s t-test. G: H&E 
staining for the eccrine gland of the Chinese tree shrew (upper) and rhesus macaque (below). H: The expression of KRT5 and KRT10 in the skin 
tissues of the Chinese tree shrew and rhesus macaque. The labeled abbreviations are hair follicle (HF), sebaceous gland (SG), apocrine gland 
(AG), eccrine gland (EG), arrector pili muscle (APM), and blood vessel (BV), tree shrew (TS), rhesus macaque (RM), mouse (M), telogen (T), 


anagen (A). 


structure of the Chinese tree shrew relative to non-human 
primates and human may provide a solid basis for using this 
animal in further studies of human skin diseases, following the 
recent study into creating a Chinese tree shrew model of basal 
cell carcinoma (Jiang et al., 2017) and successful genetic 
modifications of this animal (Li et al., 2017). All those features 
of the Chinese tree shrew have laid the foundation for the use 
of this animal as a model for the study of human skin 
diseases. 
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